The potential of the globe artichoke biodiversity in the Mediterranean area is enormous but at risk of genetic erosion because only a limited number of varieties are vegetatively propagated and grown. In Apulia (southern Italy), the Regional Government launched specific actions to rescue and preserve biodiversity of woody and vegetable crops in the framework of the Rural Development Program. Many globe artichoke ecotypes have remained neglected and unnoticed for a long time and have been progressively eroded by several causes, which include a poor phytosanitary status. Sanitation of such ecotypes from infections of vascular fungi and viruses may be a solution for their ex situ conservation and multiplication in nursery plants in conformity to the current EU Directives 93/61/CEE and 93/62/CEE that enforce nursery productions of virus-free and true-to-type certified stocks. Five Apulian ecotypes, Bianco di Taranto, Francesina, Locale di Mola, Verde di Putignano and Violetto di Putignano, were sanitized from artichoke Italian latent virus (AILV), artichoke latent virus (ArLV) and tomato infectious chlorosis virus (TICV) by meristem-tip culture and in vitro thermotherapy through a limited number of subcultures to reduce the risk of "pastel variants" induction of and loss of earliness. A total of 25 virus-free primary sources were obtained and conserved ex situ in a nursery.
Introduction
Globe artichoke (Cynara cardunculus L. var. scolymus) is a species native to the Mediterranean basin that is gaining commercial interest for its dietary and pharmaceutical value. Out of the Mediterranean area, production occurs also in the Middle East, North Africa, South America, United States, and China.
Italy is the leading world producer of globe artichoke and probably hosts the most abundant in situ diversity of the species. Apulia (southern Italy) ( Figure 1 ) accounts for 33% of the total Italian production estimated at 470,000 tons (FAOSTAT 2011) and harbors many artichoke varieties representing an inestimable source of germplasm [1] [2] [3] [4] [5] . Most of the germplasm has remained neglected and unnoticed for a long time and has been progressively eroded by several causes [6] , which include a poor phytosanitary status [7] . This condition stalled until the Apulian Regional Government launched two specific actions in the framework of the 2007-2013 Rural Development Program (RDP): action 214/3 "Protection of biodiversity" and action 214/4 "Integrated projects and regional biodiversity system". Both the actions were aimed at identifying, rescuing and preserving biodiversity of woody 
Materials and Methods

Plant Material and Assessment of the Sanitary Status
Offshoots of the Apulian early-flowering artichoke ecotypes "Francesina" (synonym "Violetto di Brindisi", "Violetto di San Ferdinando") "Verde di Putignano", "Violetto di Putignano" and "Locale di Mola" and of the late-flowering ecotype "Bianco di Taranto" (Figure 1 ) were collected from local farmers and maintained in a commercial nursery Plant as "standard initial material". Offshoots were tested for the presence of the following artichoke viruses considered economically relevant by the Directive 447-03/08/12 of the Apulian Regional Government (Table 1) : artichoke Italian latent virus (AILV); artichoke latent virus (ArLV); artichoke mottled crinkle virus, (AMCV); bean yellow mosaic virus (BYMV); cucumber mosaic virus (CMV); pelargonium zonate spot virus (PZSV); tomato infectious chlorosis virus (TICV); tobacco mosaic virus (TMV); tomato spotted wilt virus (TSWV) and turnip mosaic virus (TuMV). Tests were carried out by dot-blot hybridization following the protocol of Minutillo et al. [11] . Chemiluminescent signals derived from the Digoxigenin-labelled DNA probes were acquired by exposing the membrane under a Chemi-Doc apparatus (Bio-Rad) and analyzed with Quantity One software (Bio-Rad). 
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Plant Sanitation Protocol
Young offshoots (10-15 cm) were collected from symptomless plants of each artichoke ecotype grown in situ by local farmers and transplanted into pots to be maintained ex situ in the nursery. 
Results
Results from dot blot hybridization revealed that only the offshoots collected from the ecotype "Francesina" did not harbor infection of any of the viruses tested, while the other ecotypes considered in this study had single or mixed infections by ArLV, AILV and TICV (Table 2) . Nonetheless, all the ecotypes were included in the sanitation protocol. Only 36% of the young offshoots derived from meristem tips were stabilized in vitro. The rest of the stock became contaminated by fungi, which had not been removed by the sterilization procedure.
After two cycles of sub-culture in PM2 the number of explants increased with a multiplication rate (MR) ranging from 2.8 to 7 with a mean value of 3.74 ± 1.8, allowing the obtaining of a sufficient number of shoots to enter the next phase of in vitro thermotherapy. Some of the explants died during the treatment while an average of 75% of micro-rosettes survived and entered the second cycle of meristem-tip culture. During the second cycle the number of explants increased with a multiplication rate (MR) that was very similar to the MR recorded in the first phase of the sanitation protocol and mostly similar among the ecotypes tested. On the contrary, rooting capacity (RC) was extremely variable (Table 2 ). There was an inverse relationship between MR and RC as to a higher MR corresponded a reduced RC. This problem was partially resolved by the addition of 14.7 µM IBA in RM1 followed by 57 µM IAA in RM2 that gave acceptable root and shoot regeneration for all the Shoot meristem-tips (0.2-0.4 mm) were excised under a stereomicroscope and cultured into 60 mL polystyrene containers with 10 mL of propagation medium 1 (PM1), pH 5.8, consisting of a basal medium (BM) supplemented with 4.9 µM γ·γ dimethylallilminopurine (2ip), 2.8 µM gibberellic acid (GA3), 5.7 µM indoleacetic acid (IAA) and MS vitamins [12] , to set up appropriate in vitro conditions [13] . The BM contained MS macronutrients, NN micronutrients [14] , 68 µM Fe-EDTA, 2% [w/v] sucrose and 0.7% [w/v] agar.
Shoot meristem-tips were incubated at 24 ± 1 • C in a growth chamber with a 16-h light photoperiod at 4000 lx LED light intensity. Viable shoots were transferred to fresh PM1 at 20-day intervals. After three sub-cultures on PM1, young shoots (2-3 cm) were transferred into 200 mL glass culture vessels with 30 mL of proliferation medium 2 (PM2) containing BM, 0.46 µM Kinetin, 0.5 µM 1-naphthaleneacetic acid (NAA), Z4 vitamins [15] , 5.6 mM ascorbic acid and 5.2 mM citric acid. After two sub-cultures, lateral young shoots were transferred to PM1 and exposed at 38 ± 1 • C for two cycles of 20-days each, in a growth chamber with a 16-h light photoperiod at 5000 lx cool light intensity.
After thermotherapy, shoot meristem-tips were excised from explants that survived treatment and sub-cultured again on PM1 and PM2, as described above. Young shoots (3-4 cm) were transferred to 200 mL glass culture vessels containing 30 mL of rooting induction medium 1 (RM1), containing BM, 55.5 µM myo-inositol, 0.3 µM thiamine HCl, 0.4 mM adenine sulfate and 14.7 µM indole-3-butyric acid (IBA). After 15-day induction on RM1, rhizogenesis was obtained by transferring shoots on rooting medium 2 (RM2), containing BM supplemented with 55.5 µM myo-inositol, 0.3 µM thiamine HCl and 57 µM IAA.
The rooted micro-rosettes were transplanted to pre-compressed peat disks (Jiffy-7 ® pellet) soaked with a solution of 7.4 µM IBA and grown at 23 ± 1 • C in an acclimatization room with 16-h light photoperiod at 3000 lx LED light intensity. Over the 20-25 days of the acclimatization phase, relative humidity (RH) was gradually reduced from 85-90% to 55-60%. Acclimatized plants were transferred to a greenhouse and grown at 18-20 • C, 55-60% RH and 16-h cool light photoperiod.
Plants grown in the greenhouse were tested for virus presence by dot-blot hybridization, as described above and by reverse-transcription polymerase chain reaction (RT-PCR) using primer pairs and protocols described by Minutillo et al. [11] . Virus-free clones were transferred to the nursery to set up a collection of virus-free "primary sources" (Figure 3 
greenhouse conditions. After the completion of sanitation protocol and acclimatization (Figure 2 ), we obtained a total of 25 primary sources ( Table 2 ) that resulted virus-free when tested by dot blot hybridization and RT-PCR (Figure 3 ). This condition was maintained after a six-month culture and multiplication in the nursery when all the plants were checked again ( Figure 4 
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Results
After two cycles of sub-culture in PM2 the number of explants increased with a multiplication rate (MR) ranging from 2.8 to 7 with a mean value of 3.74 ± 1.8, allowing the obtaining of a sufficient number of shoots to enter the next phase of in vitro thermotherapy. Some of the explants died during the treatment while an average of 75% of micro-rosettes survived and entered the second cycle of meristem-tip culture. During the second cycle the number of explants increased with a multiplication rate (MR) that was very similar to the MR recorded in the first phase of the sanitation protocol and mostly similar among the ecotypes tested. On the contrary, rooting capacity (RC) was extremely variable (Table 2 ). There was an inverse relationship between MR and RC as to a higher MR corresponded a reduced RC. This problem was partially resolved by the addition of 14.7 µM IBA in RM1 followed by 57 µM IAA in RM2 that gave acceptable root and shoot regeneration for all the ecotypes. In our study, the ecotype "Verde di Putignano" showed the highest RC (89.7%) and a MR of only 2.7. Conversely, the ecotype "Locale di Mola" had the highest MR (7) and a RC of 15.4%. The ecotypes "Bianco di Taranto" and "Violetto di Putignano" showed intermediate results while the ecotype and Francesina had the, lowest RC (Table 2) .
Finally, our results showed that plant survival during acclimatization phase was clearly affected by the robustness of the radical apparatus. Eighty-five percent of the rooted plants acclimatized successfully, whereas only 10% of the poorly rooted or unrooted plants were able to survive in greenhouse conditions. After the completion of sanitation protocol and acclimatization (Figure 2 ), we obtained a total of 25 primary sources ( Table 2 ) that resulted virus-free when tested by dot blot hybridization and RT-PCR (Figure 3 ). This condition was maintained after a six-month culture and multiplication in the nursery when all the plants were checked again (Figure 4) greenhouse conditions. After the completion of sanitation protocol and acclimatization (Figure 2 ), we obtained a total of 25 primary sources ( Table 2 ) that resulted virus-free when tested by dot blot hybridization and RT-PCR (Figure 3 ). This condition was maintained after a six-month culture and multiplication in the nursery when all the plants were checked again (Figure 4) . After multiplication the number of primary sourced raised to 361 plants of 1 Number of initial offshoots of each ecotype that entered the sanitation protocol; 2 Viruses detected by Dot-blot hybridization in each offshoot of standard material; 3 Number of shoots obtained after three sub-culture cycles in PM1; 4 MR after two sub-culture cycles in PM2; 5 RC after two sub-culture cycles in RM2; 6 Total number of primary sources obtained for each ecotype at the end of the sanitation protocol. 
Discussion
The detection of mixed infections in symptomless artichoke plants confirmed that the selection of offshoots from these plants for vegetative multiplication does not guarantee the absence of virus infections. The occurrence of TICV infection in the two varieties collected from the Putignano area in the province of Bari is relevant from the eco-epidemiological point of view (Figure 1) . TICV is an emerging pathogen [16, 17] clear symptoms or, at most, they showed interveinal yellowing of the leaves but in all instances, plants were infested with high populations of T. vaporariorum [18, 19] that ensured transmission of the virus to other susceptible crops. In Apulia, the virus was recorded for the first time in mixed infection with TSWV in a tomato greenhouse in the Lecce province [20] and a second time in 2015 in another tomato greenhouse in the Bari province [21] . Interestingly, the two ecotypes "Violetto di Putignano" and "Verde di Putignano" infected by TICV were grown in the same area of the Bari province and infections may have been the result of intense fluctuations of T. vaporariorum, which are very common. Such symptomless artichoke plants escape roguing and may act as perennial TICV reservoirs from where populations of T. vaporariorum can acquire the virus and cause outbreaks on tomato.
The sanitation protocol was applied to all the offshoots collected. During the experimental procedure, we identified three critical steps. The first critical phase was the in vitro stabilization of meristem-tips cut from the young offshoots because only 36% of them were stabilized in vitro and used for the culture. The high rate of contamination observed were probably due to vascular fungi localized internally. This initial loss of explants was offset by a high multiplication rate that was considered satisfactory and in the range of 3.7-4.8 new shoots per explant obtained in other studies ([22] and references quoted therein). Based on previous experience [23] , we did not proceed with further subcultures to reduce the risk for the induction of "pastel variants" and loss of earliness [24] for the early-flowering ecotypes.
Generally, in vitro thermotherapy is the second critical step, but compared to previous experience [23] a higher rate of micro-rosettes survived to the treatment and produced new shoots suitable for the second cycle of meristem-tip culture. This was probably due to the more stringent control of light, temperature, and RH parameters in comparison to the equipment and facilities used in the previous study. Thermotherapy proved to be an essential step to eradicate plant viruses owing to their uneven distribution in plant tissues and to the notion that some viruses may also colonize meristem-tips [25] [26] [27] [28] . Virus localization in meristem-tips seems particularly pertinent to nepoviruses [29] and to AILV among the viruses infecting globe artichoke [30] . A markedly enhanced virus eradication by the combined action of meristem-tip culture and thermotherapy was also reported in other instances [28, 31, 32] .
The third critical step was the induction of root formation. It was reported that MR and RC require different auxin/cytokinin ratios. High ratios of auxin/cytokinin promote root regeneration, while high ratios of cytokinin/auxin stimulate shoot regeneration [33] . In our tests, a substantially balanced of auxin/cytokinin in PM1 and PM2 produced a satisfactory rate of root and shoot regeneration for all the ecotypes. López-Pérez and Martínez [22] observed a higher root induction rate of globe artichoke when a high concentration of IBA in the culture medium associated with 5 days of darkness was used to induce the rhizogenesis. In our conditions a high auxin concentration in RM steps favored rhizogenesis whereas 5 days of darkness did not induce any ameliorative effect. Benoit and Ducreux [34] and Morzadec and Hourmant [35] reported the process of root induction to be also highly dependent from the ecotype and may range from 1 to 92%.
The application of the sanitation protocol allowed the obtaining of a sufficient number of virus-free primary resources to be used for nursery activity. These were increased 50-fold after one year of rapid multiplication in the nursery plant. Only the ecotype Verde di Putignano increased 9-fold. The results confirmed those of a previous study, i.e., that the combined action of meristem-tip culture and thermotherapy is required to eliminate also the infection of AILV, which localizes in the meristem-tip through which it is probably transmitted to seeds [30, 36] .
Conclusions
Regional ecotypes of globe artichoke represent a valuable genetic resource that need adequate handling and protection. This study confirmed that some of such ecotypes harbor virus infections that may have contributed to their progressive degeneration and abandonment. The sanitation protocol had a more balanced auxin/citokinin ratio and better standardized parameters for in vitro growing and thermotherapy compared to that used for the reflowering type Brindisino [23] . We did not evaluate the effect of sanitation on the earliness or other agronomic traits of the ecotypes sanitized with a dedicated experimental field design, but a very preliminary small-scale field test shows promising results ( Figure 5 ).
Therefore, sanitized stocks must be maintained ex situ in nursery structures adequately protected to prevent reinfection and must be subjected periodically to phytosanitary controls.
Available diagnostics possess sufficient sensitivity and specificity to detect even subliminal infections provided that the etiologic agent is known. We already briefly addressed the issue of the complexity of plant viromes that is emerging from the application of NGS technology. Besides the biological significance, the discovery of a previously undescribed virus species in asymptomatic plants will impact quarantine regulations and issues for the virus-free certified stocks [37] [38] [39] [40] . This issue must be addressed to fulfill expectations from the conservation and use of agricultural biodiversity and genetic resources [41] . It is expected that the use of sanitized ecotypes supplied by nursery-certified stocks and cultivated in open field for no more than two years should decrease inoculum potential and will ensure genetic resources for conservation, breeding and production. The keystone to conservation of such ecotypes relies on the maintenance of the phytosanitary status obtained with sanitation. In situ maintenance would be ideal to preserve the ecological niche but it is a matter of fact that if exposed to field condition the sanitized material will undergo reinfection quickly. The reflowering type Brindisino showed an estimated ArLV reinfection rate between 1% and 2% after 2 years from planting close to a standard artichoke field with ArLV incidence higher than 80% [7] .
Available diagnostics possess sufficient sensitivity and specificity to detect even subliminal infections provided that the etiologic agent is known. We already briefly addressed the issue of the complexity of plant viromes that is emerging from the application of NGS technology. Besides the biological significance, the discovery of a previously undescribed virus species in asymptomatic plants will impact quarantine regulations and issues for the virus-free certified stocks [37] [38] [39] [40] . This issue must be addressed to fulfill expectations from the conservation and use of agricultural biodiversity and genetic resources [41] . It is expected that the use of sanitized ecotypes supplied by nursery-certified stocks and cultivated in open field for no more than two years should decrease inoculum potential and will ensure genetic resources for conservation, breeding and production.
